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EXECUTIVE SUMMARY

This report is a summary of data collected in the Western Carib-
bean and Gulf of Mexico during the spring of 1979. Vertical
profiles through most of the water column were obtained for the
following parameters: conductivity, temperature, salinity, nephe-
lometry, total suspended matter, dissolved and particulate
organic carbon, adenosine triphosphate (ATP), chlorophyll and
phaeopigments, nutrients (nitrate, ammonium, phosphate, sili-
cate), dissolved oxygen and dissolved reduced gases (methane and
nitrous oxide). Results are presented as: (1) tables of measured
and dirived parameters; (2) depth profiles of unnormalized val-
ues, normalized values, and normalized rates of change. Descrip-
tions of the collection and analytical procedures are also given.

"Apptovod for ubulJc lemo
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Introduction

This technical note constitutes the final data set for the first cruise of
a NORDA Code 334 (Biological and Chemical Oceanography Branch) program which
was undertaken in conjunction with elements of Texas AaM University to study
the relationship between near-surface nepheloid (suspended particle) layers
and dissolved reduced gases in the open ocean. The cruise was conducted as
part of the first phase of the field program, during which we sought to (1)
examine several oceanic regions to determine the generality of the occurrence
of concentration maxima for the reduced gases methane (CH4) and nitrous
oxide (N20) in the oxygenated, near-surface layers of the open ocean; and
(2) examline a wide range of physical, chemical, and biological parameters in
an effort to establish relationships with the gas distributions. The ultimate
goal is to identify the in situ sources and sinks for these gases in oceanic
near-surface waters.

The data are summarized in tables of the measured and derived parameters
for each hydrostation. The tables are followed by depth profiles of three
different treatments of the data for selected parameters. Collection and
analytical procedures are detailed in Appendix B.

Cruise Description

The program was conducted aboard the USNS DESTEIGUER Cruise 1207-79, Leg
II, which departed from Rodman Naval Base, Panama, on 10 May 1979 and termi-
nated at Gulfport, Mississippi, on 24 May 1979. Ten stations were successfully
completed (see Fig. 1). Program participants and their collection and/or
analytical responsibilities are listed in Appendix A.

Station Protocol

In general, stations were taken during darkness since daylight interferes
with the nephelometer sensor. The sampling package consisted of a CTD probe
(Conductivity/Temperature/Depth, Neil Brown Instr., Cataumet, MA) co-mounted
on a large frame with a Nephelometer (SeaMarTek, Seattle, WA) and with twelve
30 liter PVC Niskin bottles, which were tripped using an electronically
controlled Rosette Sampler (frame, Niskin bottles, and rosette sampler by
General Oceanics, Miami, FL). The package, standing about 2 m high and
weighing almost 900 kg upon retrieval, was lowered on a single conductor,
armored cable from the stern U-frame. During lowering, vertical profiles of
conductivity, temperature, and nephelometry vs. depth were continuously
plotted on X-Y plotters. Based on the profiles, sampling depths were chosen,
the Niskin bottles raised to each desired sample depth, halted, and tripped.
Once on deck, water samples were drawn from the Niskin bottles as appropriate
to the lability of the parameters being measured, with gas samples being drawn
first. To provide profile detail in the shallow zone, the most intense
sampling was done in the upper 200 m or so; one entire cast of 12 bottles was
generally tripped in this region. A second cast of 12 bottles covered the
remainder of the water column.

The following parameters were measured or calculated on board: conductiv-
ity, in-situ temperature and pressure (all from the CTD), depth, Niskin sample
salinity, nephelometry (light scattering at 90), nutrients (N02-, NO3 , NH4+,
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P04=, Si(OH)4 ), and the dissolved gases 02, CH4 and N20. The following
parameters were measured or calculated from samples or data brought back to
the laboratory: sigma t, total suspended matter (TSM), dissolved and
particulate organic carbon (DOC AND POC), chlorophyll and phaeoplgment (chloro-
phyll degradation product), and adenosine triphosphate (ATP, a measure of
living biomass). Special collection procedures as well as the essential
elements of the analytical methods may be found in Appendix B.
Data Tables

The data for the first 24 depths are tabulated for each station. The
following comments apply:

1. Where a blank appears, no measurements were taken; where a zero
appears, the parameter was below detectable limits.

I
2. Nutrient, CH4 and N20 data were supplied by Dr. James Brooks,

Texas A&M University. His permission to include his data here is gratefully
acknowledged.

3. TSM samples were collected in a separate cast from the chemical data
at sampling depths chosen on the basis of the continuous nephelometry trace.
Thus, the TSM sample depths did not always correspond to the chemistry sample
depths. In the tables, TSM values have been placed at the closest chemistry
sample depths, and in most cases, they are within a few meters of their actual

1 depths.

5. Table Legend:

~1epth: (meters) Calculated from CTD pressure reading (from Saunders,
&1981;

I In Situ Temp: (degrees Celsius) Temperature from CTD reading;

Bottle Salin: (parts per thousand) Salinity of Niskin sample;

I Sigma T: ((density - 1) x 103) Density anomaly using CTD salinity
and temperatOre (Millero et al., 1980);

1 CH(4): (nl/L) Dissolved methane;

N(2)0: (nl/L) Dissolved nitrous oxide;

0(2): (ml/L) Dissolved oxygen; /,

TSM: (ug/liter of sea water) Total Suspended Matter (gravimetric)

Nephels: Arbitrary units of nephelometry (scattering at 900 b ,

suspended particles);

m POC: (ug Carbon/L) Particulate organic carbon; " ,

DOC: (Ng Carbon/L) Dissolved organic carbon;
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Total Chloro: (jg/L) Total chlorophyll "a" (chl "a");

>3 pm ATP: (ng/L) ATP of particles from 200 to 3 un diameter;

Total ATP: (ng/L) ATP of particles 200 to 0.2 um diameter;

NO(3): (pg-atoms/L - pM) Nitrate;

NO(2): (mg-atoms/l - pM) Nitrate;

PO(4): (mg-atoms/L = uM) Orthophosphate;

SiO(4): (g-atoms/L = pM) Silicate;

NH(4): (ug-atoms/L = j) Ammonium;

Depth Profiles

As an aid to perceiving relationships among the data, depth profiles are

presented for the eleven most important parameters: temperature, salinity,
sigma t, chlorophyll "a", >3 jim ATP, methane, nitrous oxide, nephelometry (or
TSM), particulate and dissolved organic carbon, and dissolved oxygen. All the
profiles have the same depth scale - 0 to 340 m - and the parameters are
arranged to facilitate intercomparison at each depth. There are three types
of profiles, each presenting a different aspect of the data:

A. Straight Data. Useful for comparing magnitudes of the parameters
from station to station. Parameters and their units are as in the
table legend.

B. Values as % of Maximum. Each parameter is normalized to its maximum
value in the upper 340m for each station. These plots allow
immediate identification of the depth of maximun value and facilitate
comparisons among the parameters.

C. Average Gradient. Normalized to Maximum. The change per meter was
determined between two succeeding depths, was normalized to the
maximum rate of change in the upper 340m, and the normalized value
was plotted halfway between the depths. The gradient scale runs from
-1 (maximum rate of decrease) through 0 (no change) to +1 (maximum
rate of increase). (It should be noted that, since the data set
consists of discrete values only, one cannot interpolate gradient
values between points on this plot, only the gradient sign). These
plots facilitate interparameter comparisons of gradient with depth.

4 I



jDATA TABLES

USNS DESTEIGUER 1207-79

LEG II

1STATIONS 10 THROUGH 21
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DEPTH PROFILES OF DATA

USNS DESTEIGUER 1207-79

LEG II

STATIONS 10 THROUGH 21
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DATA PROFILES OF NORMALIZED DATA

USNS DESTEIGUER 1207-79

LEG II

STATIONS 10 THROUGH 21
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DEPTH PROFILES OF NORMALIZED GRADIENTS
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APPENDIX A: CRUISE AND LABORATORY PARTICIPAITS

Name Affiliation Principal Responsibility

Reid, David F. NORDA CTD/Chief Scientist

Brooks, James M. TAMU N20, CH4 /TAMU Project
Leader

Sackett, W. M. TAMU N20, CH4/TAMU Project
Leader

ABD El-Reheim, H. TAMU Nutrients

Bodennec, G. Centre' Oceano- N20, CH4logique de Bretagne
(FRANCE)

Burke, R. A. TAMU N20, CH4

DePalma, Irene P. NORDA Salinity, 02, TSM, ATP
analysis

Hayes, Joe D. NORDA DOC, POC Laboratory Analysis

Kennicutt, M. C. TAMU DOC, POC Sample preparation

Lavoie, Dennis M. NORDA ATP Sample preparation

Turner, C. A. NORDA Chlorophyll sample preparation

I
I

I
I
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APPENDIX 3: COLLECTION AND ANALYTICAL METHODS

1. CH4 and N20

Care was taken to prevent the introduction or trapping of air in the
collection bottle by filling the bottle from the bottom using a piece of
plastic tubing fitted to the Niskin bottle drain cock, by allowing the filled
bottle to overflow, and by capping the collection bottle carefully. Analysis
was begun immediately using the method of Brooks, Reid and Bernard (1981).

In its essentials, the method consists of first separating and concentrat-
ing the dissolved gases by bubbling pure helium through the sample in a closed
purging loop. The purjed gases are trapped in a tube containing a hydrocarbon
ddsorbant cooled by liquid nitrogen. Subsequently, the gases are released from
the trap by heating and are flushed with helium through a gas chromatograph
fitted with a flame ionization detector (for C14 ) or an electron capture
detector (for N20), Calibration is accomplished using standard gas
mixtures; precision of the method is approximately 5.5% and the detection
limit 0.2 nl/l. Single analyses were done for each gas at each depth.

2. 02

Calibrated 125 ml glass flasks were rinsed twice with the seawater sample,
then gently filled from the bottom using a short length of plastic tubing
attached to the Niskin drain cock. After allowing the flask to overflow
copiously, a glass stopper having a conical end to displace contaiinating air
bubbles was inserted.

A modified ("Micro") version of the standard Winkler titration was used to
analyze for dissolved oxygen (Carpenter, 1965; U. S. Naval Oceanographic
Office, 1970). The tabulated values are the average of duplicate
determinations.

3. rsM

A separate hydrocast, consisting of twelve 30 liter Niskin bottles, was
used to collect water for total suspended matter. These bottles were fitted
with new rubber springs (to minimize the occurrence of rubber particles in the
sample water) and with special taps threaded into the bottom edge to enable
all the water to be drained. A short piece of plastic tubing connected each
tap to a 47 m., diameter in-line filter holder (Nuclepore Corp., Pleasan- ton,
CA); this in turn was connected to a "catch" jug which was maintained under
continuous vacuum. Each filter holder contained a tared 0.4 Pm pore size
Nuclepore filter.

Vacuum filtration of the seawater proceeded until either all the water was
drained from the Niskin bottle or the filter clogged. Salt 4as removed from
the filter by injecting 30 ml of filtered, distilled water into the filter
holder and applying suction until the filter was dry. The filter was then
placed in a 47 mm plastic culture dish (Millepore Corp., Bedford, MA),
desiccated overnight, and sealed with tape. "Blank" filters were loaded,
rinsed, unloaded and stored along with the test filters, but no seawater was
passed through them. The volume of seawater passed through each filter was
rieasured in the catch jugs using a calibrated dipstick. Loading and unloading

I53



of the filter membranes from the holders was done in a down-draft, laminar-
air-flow hood.

At the laboratory, the filter membranes were weighed to the nearest
microgram on a digital Cahn Electrobalance (Cahn Instrument Co., Cerritos,
CA). Although they load up more quickly, Nuclepore filters are readily washed
of salts and are not subject to the hydration problems associated with mem-
brane filters or the fraying problems of glass fiber filters. The polycarbon-
ate filters do tend to be prone to electrostatic effects, but this problem can
be controlled by maintaining moderate humidity (approx. 70%) and using an ion-
ization source in the weighing chamber. Single measurements were made at each
depth.

4. Organic Carbon

Preparation of materials and analytical procedures generally followed
those of Strickland and Parsons (1972) with some modifications. Calibrated, 1
liter glass reagent bottles were rinsed and filled with the sample. Particu-
late and dissolved organic carbon fractions were obtained simultaneously with
an in-line system: the sea water was drawn up a glass siphon tube placed in
the sample bottle and through a precombusted 25 mm diameter glass-fiber filter
(GF/C, Whatman Inc., Cliffton, NJ) mounted in a polycarbonate in-line holder
(Nuclepore Corp.) attached to the top of the tube. The filtrate was then
drawn into a 250 ml side arm flask from which it overflowed into the vacuum
reservoir/waste receptacle. The filter was analyzed for particulate organic
carbon (POC), and the filtrate remaining in the 250 ml flask was analyzed for
dissolved organic carbon (DOC). Duplicate sample bottles were taken so that
duplicate POC determinations could be made, and three replicate samples for
DOC determinations were drawn by glass syringe from one of the 250 ml flasks.
Reagents were added to the DOC ampules as per Strickland and Parsons (1972),
but for the POC ampules, the glass-distilled water, persulfate and acid were
premixed 8 hours before use 'for convenience and to minimize the reagent blank.
This reagent solution was dispensed using an all-glass and Teflon Repipettor
(Oxford Instruments Inc., Columbia, MD). The ampules were sealed using an
Oceanography International Corporation (OIC, College Station, TX) Sealing/
Purging Unit and were packed for transport.

At the laboratory, the ampules were cooked at I00°C overnight to complete
digestion of the organic material to CO2 and analyzed by infrared adsorption
on an OIC Carbon Analyzer. Standards were run at the beginning and end of each
sample set using oxalic acid dilutions prepared in ampules. The standard
curve was best fitted by a quadratic equation to account for nonlinearity at
the low end of the range of concentrations encountered. Blanks on standards
and samples were run according to Strickland and Parsons (1972).

5. Chlorophyll and Phaeopiginent

Pigment samples were drawn into rinsed, calibrated 1 liter, brown plastic
bottles, and filtered and stored according to Strickland and Parsons (1972).
Duplicate samples of the total phytoplankton pigment were filtered at each
depth.

The filters, stored at -200C in a desiccator, were transported to the
laboratory at the end of the cruise, and the pigments extracted by grinding
and steeping in neutral 90% acetone approximately 4 to 6 hours. Chlorophyll
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"a" and phaeopigment "a" were measured after Strickland and Parsons (1972)
using a Turner Designs Model 000-10 Fluorometer (Turner Designs, Mountain
View, CA).

6. ATP

Seawater was drained into rinsed, brown plastic, 250 ml and 500 ml bot-
tles. Duplicate aliquots were drawn through 3 um pore size Nuclepore filters
to recover particles larger than 3 pn. In a separate filtration, duplicate
250 ml aliquots were drawn through 0.2 um pore Nuclepore filters to recover
particles larger than 0.2 urm. After extraction, the latter filters yielded a
"Total" ATP estimate for all microorganisms in the water down to bacteria.
The results from the first fraction were then subtracted from this value to
derive a "<3 um" fraction. The ">3 1m" fraction represents ATP contributions
from microzooplankton, net phytoplankton, micro flagellates (also known as

nanoplankton or ultraplankton), and bacteria on detrital or fecal particles.
The "Total ATP" fraction includes all of these contributions + that of the
bacterioplankton and the smaller microflagellates.

ATP was extracted from the particles on the filters by the standard method
(Holm-Hansen and Booth, 1966): as soon as the last of the seawater passed
through it, the filter was removed from the filter holder and plunged into 5
ml of boiling Tris buffer (tris hydroxyaminomethane at pH 7.8, 0.05 M) con-
tained in a 20 ml scintillation vial and boiled for at least 3 minutes. Pro-
cedural blanks were obtained by extracting filters taken straight from the
box.

The extracts and filters were cooled and frozen in the vials and main-
tained at -200C until analysis at the laboratory, where they were gently
thawed and brought to the original 5 ml volume with "low response" water
(i.e., water purified by ion exchange and reverse osmosis, neutralized with
NaOH, and tested for ATP activity). Analysis was accomplished by injecting
200 ll of sample into 100 Ul of purified luciferin-luciferace system (DuPont
Inc., Wilmington, DL). The resulting light emission was measured in a sensi-
tive photometer (SAI Inc., San Diego, CA), after a 10 second delay, by inte-
grating the area under the reaction decay curve for 30 seconds. From two to
four injections were made of each extract, so that each data point represents
a minimum of duplicate determinations on each of two replicate filtration/
extractions. Standards were made with "low response" water and pure Na-ATP
salt (Sigma Chem. Corp., St. Louis, MO). Both blank and unknown concentrations
were normalized to 5 ml before correcting for the blank and extrapolating back
to the seawater concentration.

* 7. Nutrients

Samples were drawn into sterile Whirl Pak plastic bags (NASCO, Inc.) and
kept at 4°C until processing, which was completed within six hours. Sample

j preparation followed Strickland and Parsons (1972) and analysis was performed
using a Technicon Auto Analyzer (Technicon Instruments Corp., Tarrytown, NY).
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